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ContinuityAbstract Green architecture emerged as a way to address environmental problems related to
buildings. Various methods have been developed to assess environmental performance, such as
LEED in the United States, BREEAM in the United Kingdom, and GPRS in Egypt. The accuracy
of these methods is highly important, especially considering the global trend toward requiring proof
of environmental efﬁciency for construction permits. However, obtaining accurate results requires
taking into account the variables that affect the environmental assessment. These variables include
the impact of natural and human changes that occur periodically (the repetition of certain events
according to day, month, and year), sequentially (changes over time), and suddenly (disasters
and other unexpected events). These relationships are not addressed in current assessment methods.
Since assessment has several targets, including developing a system to compare buildings according
to a speciﬁc, uniﬁed scale, designers must compete to meet environmental standards based on a fair
comparison; thus, the treatment of several variable effects must be obtained to reach those goals.
This study, therefore, proposes an approach for considering the effects of variables when assessing
item requirements. By measuring the continuity of meeting the item requirements across different
time periods, this approach can achieve higher accuracy and justice in evaluation results than
afforded by current methods.
ª 2015 The Author. Production and hosting by Elsevier B.V. on behalf of Housing and Building National
Research Center. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).Introduction
Following the principles of green architecture, assessment
methods have been developed to ensure that buildings meet
environmental standards. Using these methods, many assess-
ment certiﬁcates are issued for buildings, conﬁrming theC Jour-
2 A.K.M. Shamseldinenvironmental commitment of designers and putting them into
competition to meet established standards. Assessment meth-
ods reduce the negative impacts of buildings on the environ-
ment, create a system for comparing buildings with one
another, and establish a speciﬁc scale for classifying buildings
in terms of environmental performance [1,2]. Worldwide, rela-
tively few environmental assessment methods for buildings
have been developed. The Building Research Establishment
Environmental Assessment Methodology (BREEAM),
developed in England in 1990, is considered the ﬁrst such
method for assessing the environmental performance of ofﬁce
buildings. Other approaches appeared later [3,4], such as
Leadership in Energy and Environmental Design (LEED),
which appeared in 1998 in the United States and was applied
in 2000 [5]; Green Star in Australia, which began in 2003 [6];
the Comprehensive Assessment System for Building
Environmental Efﬁciency (CASBEE), established in Japan in
2004 [7]; and the Green Pyramid Rating System (GPRS) in
Egypt, which was issued by the Egyptian Green Building
Council (EGBC) and was proposed to be used in 2011 to
evaluate residential buildings [8]. Current assessment methods
did not include evaluating the continuity degree of achieving
their different items requirements, Therefore, this research
paper aims to Highlight the possibility of it and to suggest a
proposed approach to apply it, due to the utmost importance
that is resulted from considering the continuity of meeting
items requirements to get a more accurate and credibility
assessment, and to achieve justice when comparing the
evaluation results of buildings to each other.
Variables affecting the environmental assessment of buildings
Environmental assessment methods of buildings assess the
relationship of buildings with the environment. Since variation
is an essential environmental characteristic, the assessment
items in these methods need to be linked to this dynamic char-
acteristic. There is a range of variables affecting the assessment
which can be divided into the following:
 Variables affecting the formation of the environmental
assessment methods of building components, including spa-
tial variables (natural and human), temporal variables and
types of buildings variables. Natural spatial variables
include many variables such as climatic, hydrological, geo-
logical, ecological, available energy properties, and other
variables. The natural spatial variables may vary at the dis-
trict level in the same country. Human spatial variables
include accustomed practice, prevailing culture, local laws,
monetary, population density, and other variables.
Differing site conditions may, for example, lead to ﬂuctuate
the importance of sustainability issues assessed; as in the
difference between assessing the water consumption
efﬁciency in rainy countries and dry ones. In Australia the
importance of rationalization local water is high unlike
the northern region of the United Kingdom which is low
due its heavy rains. On the other hand, the population
density is the highest in the United Kingdom, bringing
attention to the importance of land use and ecology
(Researcher using Refs. [1,5,9]). Changing the priority inter-
est of global environmental issues is a time variable, such as
global warming, scarcity of fresh water resources, and thePlease cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003degradation of biodiversity. Another important time vari-
able is the level of technological development, as it affects
building elements, components, and materials, and changes
the importance and vision for different resources.
 Variables affecting the evaluation process itself and the
awarded assessing grades of the items, where various effects
of some natural and human variables appear on the conti-
nuity of meeting the item requirements at the achieved level,
especially with the succession of different time periods and
the repetition of some events during the day, month and
year. That type of variables can be divided into periodical,
sequential, and sudden variables. The periodical variables
happen periodically as the daily day and night changes
and the annual change of seasons. The sequential variables
are constantly evolving with the passage of time, such as
decaying buildings, dust accumulation, resource depletion,
and urbanization changes. Sudden variables are unexpected
changes such as earthquakes, volcanoes, ﬂoods, wars or
sudden and lasting change to the function of a building
(Researcher using Refs. [1,2]).
Possibility of achieving continuity of some items requirements in
buildings
Continuity of some assessment items requirements can be
achieved when the building can mutate temporally with the
changing nature from a phase to another, for example, the
change of air temperature during the hours of day and night
and among different seasons can be adapted by buildings by
changing the glass properties of the windows, while if the
building factors on which depends the solar heating are ﬁxed
the designer will face a problem of maintaining the tempera-
ture inside the building within an appropriate range during
the day, so it is better to get out of the building stability and
use different possible mutation operations especially in the
building facades to achieve consistency with environment vari-
ables. The mutation can be accomplished by controlling the
parts and building components to change attributes of the
building formalism. Continuity of some assessment items
requirements can also be achieved where there is a potential
of rotating or moving some building parts or the whole build-
ing. The process of opening and closing building openings is
the simplest example of moving some elements in a building.
It is possible to use simple moving parts on the inner or outer
surface of the building to achieve adaptation with some envi-
ronmental characteristics, such as curtains, blinds and shutters
[10,11].
Continuity of some assessment items requirements may also
be achieved when there is a possibility of adding or removing
parts of the building according to the different variables affect-
ing it, or when dealing with building spaces as a group of cells
that can be changed in their number as needed, or when the
spaces can be expanded to accommodate variety functions,
or when some spaces can be decreased to allow the emergence
of new spaces, those types of changes can represent the differ-
ent needs of human social, functional and economic variables.
This type of ﬂexibility can be accomplished by separating
spaces and elements into two types: First type with a ﬁxed con-
struction which can be established by durable materials and
contains central mechanical building services, and the secondting items requirements when assessing buildings environmentally, HBRC Jour-
Evaluate the continuity of meeting items requirements when assessing buildings environmentally 3type is the spaces and elements that can be changed according
to different requirements, and can be evolved rapidly, which
requires to be free like any piece of furniture that can be
replaced when necessary, so they can be established with
non-durable materials. The capsule units associated with a
major construction pending within or sliding inside is an
example of that type of ﬂexibility, as the units can be added
or subtracted as needed. Operations such as replacement,
switching and adding or replacing parts instead of damaged
or invalid ones can help the building to adapt to different
requirements [10,11].Current situation in assessing the continuity of items
requirements
Items in the different current assessing methods are evaluated
using predetermined and predeﬁned degrees given when
accomplishing the requirements presented in those items.
These requirements are usually mentioned in a form of num-
bers or percentages to be achieved to obtain the score of each
item. Some items can have more than one achievable level
ranging in the efﬁciency of dealing with the environment with
a range of scores given to each level, especially for energy and
water efﬁcient consumption items. Scores given to the different
items are gathered to determine the building ﬁnal rating
according to each method (Researcher using Refs. [3,4,6,7,9]).
It is noticed that within all the current methods, there is no
effect of achieving continuity of meeting the items requirements
on the scores accomplished over the time, while the building is
for sure exposed to different variables affecting the requirement
of many items that leads to different effects over the time, and
must be shown on the achieved scores. In other words, despite
the relation among many assessing items to different variables
affecting their requirements over the time they are dealing with
the environment as it is ﬁxed, so there is no effect of time and
how to deal with it on the achieved scores. Although some eval-
uating items are assessing the buildings ﬂexibility, such as ‘‘the
ability of some building parts of being removed and replaced’’
and ‘‘the ability of the building of handling extra loads or extra
heights’’ in CASBEE, these ﬂexibility characteristics are
assessed separately in terms of items and score, which will result
in not showing their impact on the scores of other items that are
beneﬁting from these particular characteristics (Researcher
using Refs. [3,4,6,7,9,12–14]).
There are several examples of non-treated evaluation with
variable characteristics of the environment, for example, some
methods contain items which are linked to the danger of ﬂoods
and the changing of water surface; however, their scores did
not put into consideration the capability of the building to deal
with different situations that may occur in different ways and
periods. Instead, they evaluate the occurrence of ﬁxed sanita-
tion techniques and a certain percentage of minimizing the
resulting waste, and there is no more degree for the capability
of the building in dealing with different circumstances as it
occurs, no degree for the capability of the building to face dif-
ferent situations or for dealing with the variable characteristics
in nature by changing the building characteristics at the same
time, which may end with the demise of the inﬂuential. There is
no extra degree on staying efﬁcient or taking advantage of this
phenomenon, rather than avoid it only (Researcher using Refs.
[3,4,6,9,12–14]).Please cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003It is noticed that most of the assessment items in the exist-
ing environmental assessment methods of buildings which are
related to human needs are granting degrees to provide a
comfortable inner environment in the available periods,
without a guarantee of its continuity, where scores given are
not associated with the continuity of achieving those needs
with the variation of different times and the longevity of
the building, even if there is a quarterly review on meeting the
assessed requirements as in some assessment methods. The
assessment items associated with thermal, optical and acoustic
comfort are some examples of that type of items, as they
contain a set of ﬁxed requirements to be evaluated in the
building to get the scores without linking these scores to the
variables inﬂuencing them. That may prevent it from continuing
to achieve the same assessed level of requirements continuously
over time, for example, achieving natural ventilation is
assessed according to speciﬁc dimensions of openings and their
relationship with walls and directions, so these ﬁxed features
do not assess dealing with the variables corresponding to them
and may prevent the achievement of other functions that may
require other properties of the openings at other times. That
would lead to that the given scores did not put into consider-
ation assessing different requirements with its relation with
time over the days and years and the different operating
conditions (Researcher using Refs. [3,4,6,7,9,12–14]).
Procedures of proposed approach to assess the continuity of
items requirements
This paper concentrates on including the impact of variables
on assessing the continuity of meeting the items requirements
at their achievement levels, or in other words, identifying the
periods of time that different levels of achievement require-
ments can last through, and therefore the proposed method
differs from the usual ones. The usual assessment is generally
based on one or more levels to achieve the requirements of
the assessment items that must be overcome before getting a
score. The score of the proposed method to evaluate items con-
sists of two parts:
First: A degree or more corresponding to levels that can be
achieved for the items requirements, these requirements are
represented in percentages and numbers in the formulation
of the items, which can be divided into several levels starting
with not accomplished (which may be 0% or a percentage of
accomplishing the requirements) to a complete and continuity
accomplished requirements level which is 100%.
Second: A degree or more corresponding to periods of time
in which to achieve the continuity of the accomplished levels of
the items requirements. As more than one level may appear to
achieve the items requirements, therefore each of these levels
can have its own degree of continuity.
After that, every level of meeting the items requirements is
multiplied by the degree of its continuity, and then the resulted
scores are gathered to get the ﬁnal item’s score. In the follow-
ing, steps of determining the degree of assessment items using
the proposed approach are discussed.
Determining levels of achieving items requirements
The items requirements are represented generally in numbers
and percentages in the formulation of the assessing items,ting items requirements when assessing buildings environmentally, HBRC Jour-
Table 1 Example of proposed levels to assess an item
requirements.
Levels that may be proposed by an expert to assess the
requirement of an item
Achieving from 85% to 100%
From 70% to 85%
From 55% to 70%
From 40% to 55%
From 25% to 40%
From 10% to 25%
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4 A.K.M. Shamseldinwhich describe areas, dimensions or time periods, and other
numbers required by the assessment items to get a score, and
it can also be expressed by standards, codes, or laws in which
to be followed (Researcher using Refs. [3,4,6,7,9,12–14]). It is
proposed to divide achieving those requirements into levels
starting from not accomplished level and ending with a full
accomplished level of the items requirements. These levels
can be divided into seven main levels, for example, including
sublevels if necessary. The levels may differ among the items
depending on the characteristics of these items requirements,
the number of scores given to these levels is divided into the
same levels of each item and the minimum level depends on
the type of items, as there may be requirements that should
not reach 0%. In the case for mandatory items the lowest level
to achieve the requirements should be high; it may be 80% or
90%, while 100% is always in the ﬁnal level expressing the ide-
alism of the requirements. An example of dividing items
requirements is shown in Table 1.
The assessor of the building is therefore assessing different
items by choosing a level or more of achieving their require-
ments – since an item can have more than one achieved level
during different periods-, that is an item may accomplish a cer-
tain level at a period of time and accomplish other levels at
other periods of time. Using an appropriate simulation pro-
gram may help in identifying those levels by studying the
response of the building or its reaction to meet the items
requirement.
Determining relationships among types of variations and items
requirements
First, symbols for different types of variations that may asso-
ciate with different assessing items are given, such as giving the
symbol A for the daily periodical variation; symbol B for sea-
sonally periodical variation; and so on for all other types of
variations. Table 2 shows some proposed symbols for some
variation types.
Next, different types of variations are selected according to
their connection and effect on different items requirements,
which leads to determine the variation type that every item
should take into account to achieve continuity. One or more
variation types can be represented for each item, as in the fol-
lowing example represented in Table 3.
Finally, percentages expressing the importance of variation
types that are associated with achieving the items requirements
shall be determined (when there is more than one type of vari-
ations that affects the same item), where it is noticed that in the
case for more than one type of variations associated to achievePlease cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of meeting items requirements when assessing buildings environmentally, HBRC Jour-
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003
Table 3 Example of connecting different types of variations
to an assessing item.
Main
assessing
item
Secondary assessing items Type of variations
associated with
Thermal
comfort
Provide required
ventilation rates
A–B
Achieve appropriate
temperatures
A–B–G–J–N
Achieve appropriate
moisture content
A–B–G–N
Thermal insulation of the
used equipment
N
Table 5 Example to divide the time periods for the daily
periodic variation to assess the continuity of achieving some of
the items associated with it.
Types of
variations
Proposed levels to achieve
the continuity of items
requirements
Expressions
corresponding to the
continuity level
Daily
periodical
From 21 to 24 hours Total
From 17.5 to 21 hours Mostly
From 14 to 17.5 hours A lot
From 10.5 to 14 hours Moderate
From 7 to 10 hours Sometimes
From 3.5 to 7 hours Slightly
From 0 to 3.5 hours Rarely
Evaluate the continuity of meeting items requirements when assessing buildings environmentally 5any of the items, it is not obligated to have the same impor-
tance in affecting the achievement of it, and therefore when
assessing the response of a building in dealing with different
variations to achieve a speciﬁc function, experts must deter-
mine the different importance ratios of achieving each type
associated with that function. For example, to achieve an
appropriate temperature in a building space it is found that
it is linked to more than a variation type, as in the previous
table, represented in A–B–G–J–N types, and by determining
different rates for the importance of achieving each of these
types the ﬁnal product to achieve continuity of appropriate
temperature in a space may appear in the form as
(A * 40%+ B * 40%+G * 5%+ J * 5%+N * 10%), and
thus achieving thermal comfort that depending on appropriate
temperatures periodically in the summer only has a score less
than achieving it periodically throughout the year. Achieving
it periodically throughout the year is less in degree than achiev-
ing it periodically and suddenly with the sudden changes in the
space function. The following example represented in Table 4
shows proposed partial percentages of the importance of dif-
ferent types of variations impact on achieving continuity for
some items.
Determining degrees of continuity for meeting the items
requirements levels
It was previously proposed to split the levels of achieving the
items requirements into several levels that the assessor may
choose from as a result of the possibility of meeting more than
one level during different periods of time, and when choosing
more than one level to achieve the requirements of an item it is
necessary to determine the time period of achieving each level,
taking into consideration that every level of continuity is rely-
ing on the type of variation that is associated with itsTable 4 Example to determine the importance percentages impact o
items.
Achieving thermal comfort Percentages of the impact im
A (%) B (%)
Provide required ventilation rates 40 60
Achieve appropriate temperatures 40 40
Achieve appropriate moisture content 20 50
Thermal insulation of the used equipment – –
Please cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003achievement, which may lead to have different levels of conti-
nuity for the same level of achieving an item requirements
when it is linked to more than one type of variations.
Determining the level of continuity for every level of achieving
items requirements can be done by one of two ways discussed
in the following parts.
Identifying periods of time to achieve the items requirements
When the items requirements are in the form of time periods
that are given to be accomplished, as in the case for assessing
the durability of building components or achieving thermal
comfort, then assessing the continuity of achieving the items
can be determined directly depending on the time periods
achieved to assess the requirements, considering that the
assessment is done for each accomplished level of the require-
ments and for every type of variation. The highest level of
scores given is the one parallel to achieve the completion per-
centage of requirements continuously 100%, which happens
when the building is able to interact with the different environ-
mental characteristics to beneﬁt from positive factors and
avoid negative ones when achieving the item. Table 5 shows
an example of dividing time periods into proposed assessing
levels for daily type of variation.
Each type of variation can similarly be divided into levels of
continuity and expressions corresponding, as the periods of
seasonal periodical variation can be divided depending on
the number of months that reﬂect each level to achieve conti-
nuity items, the periods of sequential variation can be divided
depending on the percentages expressing the degree of compat-
ibility with the process that affects each item requirements,
where the periods of sudden variation can be divided depend-
ing on the percentages reﬂecting the degree of compatibility
with events affecting the item requirements.f different types of variations on the continuity of achieving some
portance of diﬀerent types of variations on achieving the continuity
G (%) J (%) N (%)
– – –
2.5 7.5 10
2.5 – 27.5
– – 100
ting items requirements when assessing buildings environmentally, HBRC Jour-
Table 7 Proposed grades to achieve the levels of items
requirements.
Level of achieving the items
requirements
Proposed grades
corresponding
100% 1
From 85% to 100% 0.8
From 70% to 85% 0.65
From 55% to 70% 0.5
From 40% to 55% 0.35
From 25% to 40% 0.2
From 10% to 25% 0
Table 8 A proposed grades to achieve the continuity levels of
the items requirements.
Variation type Continuity results of
achieving the items
requirements
Proposed
grades
corresponding
Daily/Seasonally/
Sequential/suddenly
Total 1
Most 0.8
Often 0.65
Half 0.5
Sometimes 0.35
Slightly 0.2
Rarely 0
6 A.K.M. ShamseldinIdentifying relationships of some building characteristics that
lead to continuity
When the items requirements are not in the form of time peri-
ods, the continuity degree can be derived using some properties
of building elements that are used to achieve these require-
ments. Experts can identify relationships among groups of ele-
ments properties, which can lead to accomplish different levels
of continuity using those elements. At that point, the assessor
would be able to choose the assessed properties during the
assessment to determine the degree of continuity as previously
set. Table 6 shows an imaginary relationship that expert can
give to obtain the output of meeting the continuity of require-
ments through daily periodic variation, in the form of a rela-
tion that uses some variables such as the rate of change,
mode of change and ﬂexibility to give a level of continuity.
For example, if the rate of change was: momentarily, mode
of change was: using sensors, and ﬂexibility was: very high,
the result will be the level (TOTAL).
Obtaining results of achieving items requirements
Levels of achieving items requirements and their continuity are
converted into numeric results, as suggested in Table 7 and
Table 8.
While assessing a building, the assessor shall select the level
or levels of achieving the items requirements, and then choose
the degree of continuity for each previous level. According to
that, the result can be obtained by multiplying each require-
ments level grade in its continuity level grade, and then these
results are gathered to get the ﬁnal score of each assessed item.
This relation can be expressed as in the example shown in
Table 9.
The previous example is an example of evaluating an item
that is linked by only one type of variation. However, if there
is more than one type of variations of this item, its ﬁnal
score must put into consideration the different importanceTable 6 Example of relationships that can be obtained to achieve
periodic variation.
Please cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003percentages of the variation types, and the previously discussed
approach should be repeated for each type before gathering
the scores. The total process can be integrated in one table if
the variation types are divided into similar levels. Table 10
shows an example to determine a degree of an item that is asso-
ciated with more than one type of variations (imposing that the
levels of achieving different types of variations are determined
in a same matter).continuity of meeting the requirements of items through daily
ting items requirements when assessing buildings environmentally, HBRC Jour-
Table 9 An example to determine the grade of an assessment item according to the proposed approach when dealing with one
variation type affecting its requirements.
Evaluate the continuity of meeting items requirements when assessing buildings environmentally 7Illustrative example for using the proposed approach in the
environmental assessment of buildings
In the following, a simple application of including continuity
evaluation in the environmental assessment of buildings is
displayed, and an item that is presented in the current
environmental assessment methods was chosen to show that
application. The chosen item is achieving an appropriate
daylight in the inner regularly occupied spaces of the building,
which intent to provide building occupants a connection
among indoor spaces and the outdoors through the introduc-
tion of daylight and views into the regularly occupied areas
of the building [3,6,8,15].
Some problems in current ways used for assessing the illustrative
item
In the current assessment methods items associated with
‘‘achieving an appropriate daylight in the inner regularly occu-
pied spaces of the building’’ can be assessed by several ways,
and every way of them contains several cons that prevent the
ability to determine the continuity level that the requirements
of this item can last through, these ways can be shown in the
following.
First: A computer simulation to demonstrate that a certain
percentage (such as 75%) of the regularly occupied spaces
achieves a certain range of daylight luminance levels (such as
25 foot-candle (fc) minimum and 500 foot-candle (fc) maxi-
mum) in clear sky condition at a certain time period (such as
September 21 at 9.00 am and 3.00 pm) [3,15].
Disadvantage: There is a speciﬁed time (day and hour) to
verify achieving the requirements of that item, so the building
can achieve a full score when just reaching the items require-
ments in the speciﬁed time, and there is no more scores when
exceeding it, and no ability to reward buildings that can
achieve an appropriate daylight luminance all the time through
different natural variations affecting the buildings and the day
lighting within.
Second: Making sure that the designer uses a combination
of side-lighting or top-lighting to achieve a total daylighting
zone that is presenting a certain percentage (such as 75%) ofPlease cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003all the regularly occupied spaces. That way depends on some
calculations that are connected to some factors such as the vis-
ible light transmittance (VLT) and window to ﬂoor area ratio
(WFR) of daylight zone, as these factors should comply with
certain values and ranges to ensure the previous determined
percentage [15].
Disadvantage: That way does not connect the time of
achievement to the given scores. A ﬁxed openings dimension
without any advanced features of its materials or used devices
will never lead to achieve an appropriate daylight through dif-
ferent natural variables. It is also clear that time is not included
as a factor in the calculations used in that way of assessment,
and all the included factors are related to ﬁxed properties of
light and opening dimensions only.
Third: Demonstrating through the records of indoor light
measurements that a minimum daylight illumination with a
certain level (such as 25 foot-candles) has been achieved in a
certain area percentage (such as 75%) of all regularly occupied
areas. Measurements must be taken on an uniﬁed foot grid for
all occupied spaces, and must be recorded on building ﬂoor
plans [8,15].
Disadvantages: That way requires from the designer to
reach a time that the building can provide a certain area per-
centage with a certain daylight illumination level, so if any
building reached an appropriate time that it could achieve
these requirements through it, it will get the ﬁnal score whether
the building fails to provide an acceptable daylight through
other time periods or not.
Fourth: Achieving a direct line of sight in a certain height
(such as between 20600 and 70600 above ﬁnish ﬂoor) to the out-
door environment via vision glazing for building occupants
in a certain area percentage (such as 90%) of all regularly
occupied areas. Besides, the area with direct line of sight by
totaling the regularly occupied square footage meets a certain
criteria (such as determining that in plan view, the area is
within sight lines drawn from perimeter vision glazing, and
in section view, a direct sight line can be drawn from the area
to perimeter vision glazing) [6,15].
Disadvantages: Assessing a ﬁxed building dimensions never
leads to ensure continuity of achievement, even if it is done
according to many precise and accurate researches.ting items requirements when assessing buildings environmentally, HBRC Jour-
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characteristics to comply with the daylight characteristics
related to achieving a certain daylight illumination level, a
ﬁxed building can gain the full item’s score when just achieving
its requirements through a certain time period, and without
making sure that the daylight illumination level is appropriate
through other time periods. Thus, a building that can just
achieve the item requirements in a speciﬁc time is equable to
a building that can achieve continuity daylight levels despite
of all the affecting variations. Therefore, there is no justice
in assessing that item among different buildings that could
achieve its requirements through different time periods or con-
tinuously. Even when there is an additional requirement of
using glare control devices to avoid high-contrast situations
that could impede visual tasks, or any other additional require-
ment that may solve some variation affects, it does not insure
achieving an acceptable daylight levels all the time specially
when considering different natural variations affecting the
building (Researcher using Refs. [3,6,8,15]).
Apply the proposed approach for assessing the illustrative item
From the previously mentioned approach, it is suggested that
instead of having a certain limit of achievement to determine
the building success of an item, and whether it deserves the
item’s score or not – which is usually one score for a single
assessment level-, there will be more than an achievement level
for each assessment way that the item can be assessed accord-
ing to, besides, several continuity levels to verify the periods of
time for each achievement level. The previously mentioned
procedures of the proposed approach to assess the continuity
of items requirements will be used for the illustrative item:
‘‘achieving an appropriate daylight in the inner regularly occu-
pied spaces of the building’’, to set an assessment matrix table
for it, according to the following steps:
(1) Determining the levels of achieving the items
requirements
It could be as following: level 1 (75–100%) – level 2 (50–
75%) – level 3 (25–50%) – level 4 (0–25%).
Each of these levels describe different requirement for each
assessment way used to assess that item, for the way that
depends on using computer simulation: Experts may decide
that the ﬁrst level is between 75% and 100% of achievement
depending on the range of daylight luminance level and the area
laminated with it, and similarly for other levels until reaching
the unacceptable achievement level. For other pre-mentioned or
non-mentioned assessment ways experts can decide the parallel
level of achievement between all of them, which meets the
achievement range depending on the related factors of eachway.
(2) Determining relationships among types of variation and
item’s requirements
The item of ‘‘achieving an appropriate daylight in the inner
spaces of the building’’ can be affected by the number of vari-
ation types which are as follows:
Daily variation: Due to the change of the daylight charac-
teristics periodically between day and night.ting items requirements when assessing buildings environmentally, HBRC Jour-
Evaluate the continuity of meeting items requirements when assessing buildings environmentally 9Seasonally variation: Due to the change of the daylight
characteristics periodically among seasons.
Urban characteristics variation: Due to the relationship
between the sequential changes of the surrounding build-
ings and urban dimensions with the ability of daylight to
inter the spaces properly.
Accumulation of dust variation: Due to the relationship
between the sequential dust accumulation and the ability
of light transition through the glasses
Sudden removal of a nearby building: Due to the relationship
between the nearby building existence and the capability of
the light to reach the building openings properly.
Sudden change in the building use of some or all spaces: Due to
the relationship between the spaces function and the appro-
priate daylight characteristics needed for the changed spaces.
If the previously proposed symbols in Table 2 for the vari-
ation types that may affect assessing items are used, then the
previous item is affected by the following variation types: A–
B–D–E–J–N in the same arrangement that was previously
mentioned.
Importance percentages of the variation types that are asso-
ciated with achieving the items requirements can be deter-
mined as following: A (40%)–B (40%)–D (5%)–E (5%)–J
(5%)–N (5%).
(3) Determining degrees of continuity for meeting the items
requirements levels
In the case of the illustrative item: ‘‘achieving an appropriate
daylight in the inner regularly occupied spaces of the building’’,
it is clear that the item’s requirements can be expressed in the
form of time periods that can be accomplished, then assessing
the continuity of achieving that item can be determined directly
depending on time periods achieved to assess the requirements,
not by using the indirect way that depends on identifying rela-
tionships of some building characteristics. Time periods that
may be used to assess this item can be divided to
First: for the daily variation: level 1 (from 18 to 24 h) – level
2 (from 12 to 18 h) – level 3 (from 6 to 12 h) – level 4 (from
0 to 6 h).
Second: for the seasonally variation: level 1 (from 9 to
12 months) – level 2 (from 6 to 9 months) – level 3 (from
3 to 6 months) – level 4 (from 0 to 3 h).
Third: for sequential variation (urban characteristics varia-
tion and Accumulation of dust variation): level 1 (from
75% to 100% of continuity) – level 2 (from 50% to 75%
of continuity) – level 3 (from 25% to 50% of continuity)
– level 4 (from 0% to 25% of continuity).
Fourth: for sudden variation (Sudden removal of a nearby
building and Sudden change in the building use): level 1
(from 75% to 100% of continuity) – level 2 (from 50% to
75% of continuity) – level 3 (from 25% to 50% of continu-
ity) – level 4 (from 0% to 25% of continuity).
The number of continuity levels used to assess the accom-
plishment of item’s requirements for each variation type does
not have to be the same, but in that example it will be uniﬁed
to show the concept of the research in a simple way. Similarly,
for simplicity reason, some variations that are associated with
the same types were gathered together to determine theirPlease cite this article in press as: A.K.M. Shamseldin, Evaluate the continuity of mee
nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003continuity levels, that way helps to simplify the resulted table
of those levels and to show the main idea without entering
to more details.
(4) Obtaining results of achieving items requirements
Levels of achieving items requirements and their continuity
can be converted into the following numeric results:
For the requirements achievement levels, the corresponding
grades are as follows: Level 1 (75–100%): 1, Level 2 (50–75%):
0.65, Level 3 (25–50%): 0.3, Level 4 (0–25%): 0.
For the continuity levels, the corresponding grades are as
follows:
Level 1 (Rarely) for all variation types (could vary, but it is
uniﬁed for that example): 1
Level 2 (Sometimes) for all variation types (could vary, but
it is uniﬁed for that example): 0.75
Level 3 (A lot) for all variation types (could vary, but it is
uniﬁed for that example): 0.5
Level 4 (Total) for all variation types (could vary, but it is
uniﬁed for that example): 0.25
From the above-mentioned levels, a resulted table depend-
ing on the proposed achievement and continuity levels to
assess the item of: ‘‘achieving an appropriate daylight in the
inner regularly occupied spaces of the building’’, is shown in
Table 11.
Finally, the assessor uses the previous table to select the
level or levels of achieving the item’s requirements, and then
choose the degree of continuity for each previous level. The
item’s ﬁnal result is the sum of the resulted numbers from
the chosen intersections.Using the proposed approach for getting the illustrative item’s
result
In the case of using a computer simulation to determine the
area percentage of achieving an appropriate daylight in the
inner regularly occupied spaces of the building, whether the
simulation showed that the building is:
 Achieving the second achievement level (which is proposed
that experts decided it from 50% to 75% of achievement
depending on the range of daylight luminance levels and
the area of the laminated spaces with that range) ‘‘some-
times’’ daily (which is from 6 to 12 hours as previously pro-
posed), ‘‘A lot’’ seasonally (which is from 6 to 9 months as
previously proposed), and ‘‘rarely’’ for the sequential and
sudden variations (which is from 0% to 25% of continuity
as previously proposed),
 Achieving the ﬁrst achievement level (which is proposed
from 75% to 100% of achievement) ‘‘rarely’’ daily (which
is from 0 to 6 hours as previously proposed), ‘‘rarely’’ sea-
sonally (which is from 0 to 3 months as previously pro-
posed), and ‘‘rarely’’ for the sequential and sudden
variations (which is from 0% to 25% of continuity as pre-
viously proposed),
 Achieving the Third achievement level (which is proposed
from 25% to 50% of achievement) ‘‘sometimes’’ daily
(which is from 6 to 12 hours as previously proposed),ting items requirements when assessing buildings environmentally, HBRC Jour-
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nal (2015), http://dx.doi.org/10.1016/j.hbrcj.2015.05.003of mee‘‘rarely’’ seasonally (which is from 0 to 3 months as previ-
ously proposed), and ‘‘sometimes’’ for the sequential and
sudden variations (which is from 25% to 50% of continuity
as previously proposed).
Then the ﬁnal grade for the assessed item is:
(0.65 · ((0.5 · 0.4) + (0.75 · 0.4) + (0.25 · 0.2))) + (1 · ((0.25 ·
0.4) + (0.25 · 0.4) + (0.25 · 0.2))) + (0.3 ((0.5 · 0.4) + (0.25 ·
0.4) + (0.5 · 0.2))) = 0.73.
Conclusion of applying the proposed approach for the illustrative
item
It is noticeable that if that item in that range of achievement
was assessed using any current method, it properly gets a zero,
which is a similar grade to a building that does not achieve any
proper daylight in the inner occupied spaces of the building
during any type of variation and over time, which drives
designers away from achieving any acceptable level if they
did not have the ability of achieving the one that gets the item’s
score. It is noticeable also that the proposed approach helps to
get credibility and justice results for all items and to express
buildings fairly in return of its capability of dealing with differ-
ent variations affecting it and affecting the achievement of dif-
ferent environmental relationships associated with it. Hence,
the proposed approach helps to get a more accurate result of
assessing items.
Conclusion and results
 There are set of variables that affect the grades given to the
assessment items as a result of its impact on the continuity
of meeting the items requirements, which can be divided
into variables that change periodically, sequentially or
suddenly.
 The continuity of some items requirements can be achieved
in buildings when designed to allow adding or removing
parts of it, or by changing the size of spaces when needed,
or by the ability of the building or some parts of mutation
change in parallel with nature, or even with the possibility
of rotating or moving the building or some parts of it,
and all the prior properties need a proper mechanism to
be evaluated with.
 Assessing items in the current assessment methods appear
without linking them with their continuity degree of
achievement or the inﬂuence of different variables to them,
and there is no difference in the assessing grades for
building that can only achieve the items requirements and
the building that can achieve the items requirements for
longer periods of time or continuously.
 Scores to assess items are suggested to be consisting of two
parts: the ﬁrst part is the given grade to assess the require-
ments in terms of the level of achievement, and the second
part is the given grade to assess the periods of time in which
the requirements are achieved.
 Assessing the continuity of meeting the items requirements
can be included by a series of steps which begin with iden-
tifying levels to achieve the requirements of the items, and
then determining the relationship among the variation types
and various items requirements. This shall be followed by
determining the relationships that express the degree ofting items requirements when assessing buildings environmentally, HBRC Jour-
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for all types of variations, either in the form of time periods
or in the form of relationships among some properties of
the building elements used to achieve those requirements.
Finally, put degrees for each level of achieving the items
requirements as well as each level of continuity. The ﬁnal
result will be the summation of the degrees granted for each
level of meeting the items requirements, multiplied by their
respective degree of continuity, and when the item can be
affected by more than one type of variations the relative
importance of these types is taken into account when com-
piling the results.
 The proposed approach helps every item to meet one or
more of achievable levels of its requirements, which will
be multiplied to its continuous level (time periods that last
through).
 A main disadvantage of the proposed approach of includ-
ing continuity assessment into the item score is that it is
more difﬁcult theoretically than the usual assessment
approaches, but its conversion into an electronic tool eases
the work of experts to identify the different levels of assess-
ment, and eases the work of assessors when choosing any of
those levels, without getting involved in the complex math-
ematical calculations.
 Continuity of meeting the item requirements helps to
achieve higher accuracy and justice in the evaluation results
than the current evaluation approaches, especially for the
items used to assess the human comfort requirements.
Recommendations
 Research and specialized institutions and green councils
around the world are recommended to develop the pro-
posed mechanism to include the effect of variables on the
results of the building evaluation to encourage achieving
the continuity of meeting the requirements of items.
 Institutions, councils and agencies producing environmen-
tal assessment methods are recommended to take into their
consideration the evaluation of items requirements continu-
ity when issuing new versions of these methods.
 Research institutions are recommended to develop a proper
electronic tool to include the impact of different variables
on the evaluation of environmental building efﬁciency to
help using the proposed approach quickly and easily.
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